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(54) OBJECTIVE LENS 

(57)Abstract: 

PURPOSE: To provide an objective lens composed of a 
lens system having high magnification and capable of 
dealing with requirement to have a larger numerical 
aperture and effectively compensating various 



plano-convex lens having a plane on the object side or a 
meniscus lens whose concave surface faces the object 
side and a second group including at least one diffraction 
type optical element in order from the object side. This 
lens satisfys the condition: 0.5<R/t<5 and the diffraction 

type optical element satisfys at least one of the conditions: D1/D>0.8 and (hxf)/(Lx|)>0.07. D1 
is a marginal beam diameter on the surface of the diffraction type optical element and D is ' 
maximum marginal beam diameter within the objective lens, (h) is the height of a principal 
light ray on the surface of the diffraction type optical element, (f) is the focal distance of the 
whole system element, (f) is the focal distance of the whole system, L is confocal distance 
and I is the maximum height on the surface of a sample. 



aberrations, especially chromatic aberration using a 
diffraction type optical element even if the lens is merely 
made of quarts by satisfying a specified condition. 
CONSTITUTION: This lens if provided with a first group 
of a positive refractive power as a whole including a 
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#£LTiE©ja#T3j©g5lS<h, 1&©IhI#t 
IB«¥*?6^£SI2 8i i fcDfcD, TE©*frS« 
fi1-**tttl/>X. 

(1) 0. 5<R/t<5 

(2) Di /D>0. 8. 

(3) (hx f ) / (LX I) >0. 0 7 

**-T©ffiT©T-y^-;wt5Rg % Dtt#ttV->X*© 
fl4£X®tt£Efl. LttHjftEft 1(48* 

[0 0 0 1] 
[0 0 0 2] 

■tO»fi^3 3 0 nmJ;!3fi<&5tl/>XtLT«ffl 

nsin 0 = n' sin 6* 

[0 0 0 8] 

[0 0 0 7] lsI*fS*Ttt, 01 4<0«fc3l;yfctt3O? 

nsio 6-n* sin 0' =mA/d (2) 



ff5l4mxttA«»< *&»ft&t3 o 0 nmHTtfa^ 
(4, fl!IIErt«Fi*tBT**fc«£>, #2!<>:LTt4, 

[0003] ftjfijie^T-iUTiHWfai***^ (do 

E) *ffl^fc36¥*#ttl;*nT^<5. ^0I§jTSl7t^ 
*^ftffl^fc»ttU>X-C» *S!M<3!)»«W>XijBfla 
"T*a*«iLT, #M¥2- 1109^ &PW4- 
3 6 1 2 0 1^43cfctf»ii¥4- 2 14 5 1 6*t©ft& 

[0 0 0 4] Xfl9E©BJf3S**3fiJfflLfc|BI«faiJt^* 
f»6r^77W *-f*r4 97s XM>7 [D 

iffractive Optics Element 
s (DOE) ] tt, ^^hD-^xtt^frOD rjfc^tf 
^-©£&©/jNg!#^xU;*>H ?B6, 357$, 

rSPIEj 1126$ 4 6-5 31 (1 9 7 7 
¥) *fcB«BfcE*SnTVi**5, ^OJ^S^fS^tcjS 

[0 0 0 5] fl#©*4 fe »7XJ4, H13l:6^t*C!) 
3T*b $ ft £ X *;KOffiflrj(c«£ o T JS5r T * • 
[0 0 0 6] 

(1) 



[0 0 10] *JC±E©J;5?a:|5iJfai5t4£*^§«fflf 
[0 0 11] JB»f*©»WU>XO»^ ^OS; (3) 
[0 0 12] 



[0 0 0 9] ±E©:£ (2) l:a-3T*BSilf«±3 

**, H 1 5 ©J; 5 £3Q#®&Sl;:BrSH*ft<D®*rM 
SRttT^P-XffrrSj^ HI 6©ck3fc*OA-f 

l/f = (n-1) (l/n-l/n) (3) 
£fc*U f t4ffi£ENL ri , r 2 ft** Atffi<h#taj 40*iTE©J;3fcjC (4) 
H©ft**S, nttU>X©BJr*-r*£. [0 0 14] 

[0 0 13] ±ES (3) ©MS^fe^AtCTm^f -S^ 

df/dA=-f (dn/dA) / (n-1) 

A f =— f (An/ (n-1) } (4) 
££T#Mff»»*6|»<£, An/ (n-1) 4«5HK ♦8tti*£o 
#tt£»t>*;ia:fcfcaam v £&fl!>J; 3 [0 0 15] 

v= (n-1) /An (5) 
Lft#-?TRiattl;:*tt*#«4*tt (7y^ft vi ) »4 [0 0 16] 

vd = (m - 1) / ( n , - n , ) (6) 
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* 4 
-*Hffffl****©«£tt, Sff93m?0>ftAE *H6d> tr*iTE<D5* (7) ©J;f>lcfc5. 

f =h/ (n* sin 0' ) = (d» h) / <mA) (7) 
*««OS*flf***-TO*-&, db hB-£Tfc£© 
T\ f = C/A (CttSft) TfcSo :i©f = C/A© [0 0 18] 

P9HftATtt#TSfc£©J;3KLTa (8) )W#6tlSK 

d f/dA — C/A 2 =- f/A 
/. Af=-f (AA/A) (8) 
An/ (n-1) =vt&5^ 55 (4) t (8) t ★©^Wr©7^»va BTE©MDT&£. 
Wv=A/AA7f*«. Lfc*?T, EWrffl***^^ [0 0 19] 
v* =Aa / (Ap -Ac ) =-3. 453 



ttS»^. »*<0*7XO5rtM*tt»4, tt2 0-9 5T 

[0020] ME©a*wfi, ^i*nfea*wicxxy 
/v-fflu>XfcMT*t>©-eao, 5*©*T«j«sn 

So £ttS©5%#M¥2- 1 1 0 9^&«©3fr£* a? 

T^S. X#M¥4 - 3 6 1 2 0 1 ^©3fc3*Stt t BSr 
S!#**? ©Hffl«Ttt*i&«cfc 0 «>»%<0[9«r%ftffi 
^5^t€tt«iLTir55. H(C#ffl¥4-2 14 5 1 

[0 0 2 1] 3Q 
KNAfc»j&ffi**U>X*T, 

[0 0 2 2] 

fcGMSfflttfc* "X#x U>X£^£#<h LTIE© 

(1) 0. 5<R/t<5 

(2) Di /D>0. 8 

(3) (hX f) / (LX I) >0. 0 7 

ff, tBME;*-X;*JXU>X©^JP, Di ttHJrSI* 
**T©BT©v-s^;WHtfe Dfi»*u>X+© 
htt[HWffl#**T0B-e©£ 



(9) 

ffiT©&*«iBT&£. 

[0 0 2 3] SNA, »«*©#» U>Xtt, 4Mto>e> 
fflfcNA©if^^^SitZ^lC-r^fe5i)(C^lC®^ 
^-©BSKtta&B****. C©3iW7-©B£ 

4B«S*«**Jc*k:&s. *©fc»K&«WK5fc£tt 

5. £©*-X#Xl^>X©Bffl©B©/ , * 1 7'-*SI< Lx 
&ltft«& 6 1" £ ©B©**¥ff tt##fc/J\S < & 0 , 

rtwsaffi-rsfcfefc^ittaff^sjetticfes. £©& 

5©*=X*xU>Xfc«£Lfc©#*fr (1) 

S. £©&tt (1) ©TIS©0. 5$iASi^0^- 

X*XU>X©rtJP*««ffl*r, i»fc±H©5SiBA 

5 £B©a* 7 -*«i8 < a o -r * r s ©#*$*» 

[0 0 2 4] *BW©»*U>Xtt, g9E©*-X*X 
jE 1/ >XfcT«tt**T@*fffl*^ : F6*trJB 2 

[0 0 2 5] fiJRUtt, **<#ttTtt±felKit£«# 
©&iR£©2aS»Q. W#tt*^ffi«©«fifc:j;-Br 

So 

[0 0 2 6] 2:ft&fiJK2S©55. «I±fiiKg©fiIE£ 
B, Bffifl-C****, JE«fcBffifiTS*&fittfc<, 

*#*UTJB«>fc©*«flW2ftfr (2) T$>So £©&ft 
(2) iCfc^T, T^©0. 8aTt&4t4S©S#fa! 
ttMH 1 (1/>X) T»£T*l*±fiJKISS|g«ffl3fc¥ 

[0 0 2 7] -^f&$©fiK^^ffiiE-rS©(Cgt)^S 
Wfcffifili, BffiB"Ctta<-tC^6*UUin&43fc« 
sW»4fiit©3tt«»ft*-rsffiB*C*«. £©fg$©fi 
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fttfa&fc©*«*fl= (3) T&So (3) Kijn 

TTiBOO. 0 7 ftiBA.*tf»*©ftiRj|ft+iM|jEa 

[0 0 2 8] a±OR9J^6toJ^«iJ;5lC, fiiRMS^I 
[0 0 2 9] (3) Kfc^Tf, L, It*!!©* 

[0 0 3 0] 3Efc0ffS3fc3*»7'tt, -tO»7-miH*tt 
*ot, Elftai^jltT-tt, *Tni»sa-<ric*A5c: 

rt«rtBT*5. XJB«f*»*Sl/>Xtt, fiiRSSo*|iE 
**^rtB-C**^ *BK:«fP^IBftJB«»»#ai/>X 



* *r*»*a u >x± o t>«nfc«siitiEtB* * t 

cn*#«u>X»cffl^*c:ilcj:-3T, 
[0 0 3 1] 

10 **T- (DOE) tt8E*CSfi^fcaDOt>fl!>T*-5)&«, C 

^;Ph7WW -f>?y^S (ultrahigh 
Index methods) ft 

frHRfflMfcl^X (^h7-/W-f yfvOTs V 
>X) fc«*tt*TRffr^ftT*5. JKDJIifc^ 
^Ttt, TSPIEj 126^4 6-5 31 (1 9 7 
7*F) icEWSnr^^**, HI 7Sffl^T(B*tKW 
f S 1 7 KfcV^T 1 ttS^ h V -/Vf *f >5r y £ 

>T7^X l/>Xfc43^Ttt, &05£ (11) T^fr 
[0 03 2] 

K d©«t3fc, 0*fffl3t** : FJ4, #«HV>X^JB* 

(no -1) dz /dh=nsin0-n'sin0' (10) 
m tt£;H*?-/vf -f>ry^ U>X ^ Altft £ «t tf#ffl ft T 35 So 
<OS»f*, zf4^;Ph7-/W 7. U>X [0 0 3 3] « (2) fccktf (1 0) ^6*©jC (1 

O3tt(fc&lRl<0ffifc h(4%tt#>&4)Eft, n, n' t4^ 1) #*SS. 

n€nA»«iiH*«J:r;wH}««KojB*f*, e, e 9 x [0034] 

(no -1) dz /dh=mA/d (1 1) 

[0 0 3 5] -«Wfctt#J»#S*BH4, TEO£5f;^ 

h 2 } 1/2 ] + Ah< +Bh 6 
(12) 

• • • ®#ms9mrc»z. 

[0 0 3 61 3(11), (1 2) J:D*«HM5fc43 
»&±E#3»iBi«Sc!)|BWfffl3t**Tcotfy9 t d»4, 



^Olfy^t©IBtf4iC (1 1) T#*.SAS*HBH« 

z=chV[l+ {1-c 2 (k+1) 
+ Ch 8 +Dh'H • • • • 

ct4£9ffi<0ftfe kttPMBBftT 



A, B, C, D, 



t4*><r* 4*. 6*, 8&, 1*40 ( 1 3) T^fc>£tt&. 



d=mA/ [ (n-1) (ch/ {1+ (1- 


c 2 (1+k) h 2 


) i/2} +4 




Ah s +6Bh 5 + 8Ch 7 +10Dh 9 


+ • 


. . . j ] 




( 




1 3) 






















tfi, 12*. 14*, • . •©*«iraftttffli x T'bJ; 


To 


=00 


do 


=0. 8660 






ri 


=-1.9996 


di 


=3.8538 




[0037] ^icftsaiflic^-^-t^r. 


r 2 


=-3. 0051 


d 2 


=0.2 






r 8 


=-18.9946 


d 3 


=2. 8804 




iijAIElB=3.6niiD , N A =0.70, {£$=50. P9tMSNI= 


r< 


=-7. 3945 


d< 


=0.2 




45mm 


rs 


=65. 8028 


ds 


=2.7977 
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(5) 



4 7 7 0 0 



r 6 =-16.8378 d 6 =0.2 

r? =oo dr =1.0 53? 

r s =oo d e =0 

rs> =-3.2859xi0 5 (D0El) d* =0.2 

r i o = 16. 2471 d i o =2. 6929 53? 

r m=3946. 0273 dn =2.0025 

r 12=00 d 12 =1.0 53S 

ri 3 =oo d i 5 =0 

r m =0. 4222 X 10 6 (D0E2) d m =2. 3926 

r i s =9. 3997 d i s =5. 0 53? 

r. 6 =4. 6739 

DOE1 

K=-l, A = -0.355512X10" 8 , B=0.255580 X10 

- I 0 

C = -0.276940X10" 12 , D = -0.492542X10" 15 



8 



r 22 =5.2022 d 22 =3.5626 

r 2 3 =48.6437 d 2S =3.9752 

T2< =-3.5803 d 2 < =5.0 535 

r 25 =23. 3843 

DOE 1 

K=-l, A = -0.586575X10- 8 , B =0. 105584X10 
- 1 o 

C = -0.114914X10" 11 , D =0.438189X10- 13 
DOE2 

10 K=-l, A=0. 315284 XlO" 8 , ' B = -0. 139031X10 
- 1 o 

C =0.111483 X 10- ai , D = -0.324566X10- 13 
DOE3 

K=-l, A = -0.157706X10- 8 , B = -0.411489X10 

- 9 



DOE2 








C =0.764800 X 


10" 11 , D = -0.118926 XlO- 11 


K=-l, A =0.944679 XlO" 8 , B = 


= -0.372543X10 




R/ t =0. 80 






- 1 0 








DOE1 Di 


/D=0.90, (hx f) / (LX I) 


C = -0.135587X10- 12 , D =0.627142 


XlO" 1 3 




=0. 045 






R/ t =0. 78 






20 


DOE2 Di 


/D=0.95, (hX f) / (LX I) 


DOE1 Di 


/D=1.00, (hx f) / (LX I) 




=0. 019 






=0. 106 








DOE3 Dt 


/D=0.52, (hX f) / (LX I) 


DOE2 Di 


/D=0.80, (hx f ) / (LX I) 




=0. 086 






=0.027 








co 03 9] mmm3 




[0038] mm 


M2 






M&&M=3. 6mm 


, NA=0.90. fS$=100 




ji^ffi= 1.8mm 


, N A =0.90, f§^= 


100 , mmtm 




= 100mm 






=45mni 










0. 10mm 






0. 10mm 






To =00 


do =0.8232 




To =00 


do =0.5202 






ri =-4.5891 


di =4.2051 


5& 


ri =-3.5097 


di =3.9565 




30 


r 2 =-3. 5905 


d 2 =0.15 




V2 =-3.1721 


d 2 =0.2 






rs =-18.1769 


d 3 =3.4758 


53s 


r 3 =-25.5673 


ds =3.6571 






r< =-8.6006 


d< =0.15 




r« =-7.7297 


d< =0.2 






r 5 =-42.4203 


ds =2.8290 


5£ 


r 5 =oo 


d 5 =1.0 


5^ 




r 6 =-18.3477 


de =0.15 




re =oo 


d e =0 






r 7 =00 


d 7 =1.0 


5£ 


r? =1.6281X10 6 (D0E1) d? =0.2 






r s =00 


d 8 =0 




r a =15.4510 


ds =5.0 


5£ 




r 9 =-4.650OX10 5 (D0El) d* =2.3380 




r 9 =-16.2334 


d 9 =0.2 






rio=18. 6150 


d 1 0 =6. 8566 


5£ 


r to =oo 


dio=1.0 






ru =-70.6680 


d u=0.4264 




r u =oo 


d n=0 




40 


r i2 =-684.8949 


di2=2.0 


53s 


r 1 2 =-3. 8924 X 10 s (D0E2) d 1 2 =0. 2 






r is =31.2416 


d 13 =4.6278 


r 1 3 =28. 6396 


d,s=2. 8321 


5£ 




r 1 < — — 9. 5514 


d n =2.0 


53s 


r 14 =-91. 0899 


dn=3.6190 






r :s =-14.7720 


dis=0. 15 




r is =-6.8166 


d i 5 =2.0 


53S 




r :e =00 


d i6=1.0 


5£ 


r i6 =-10.6927 


d 1 e =0. 2003 






r 17 =00 


d 17 =0 


r 17 =8.4376 


d 1 7 =2. 5850 


53? 




ria=2.3143X10 7 (D0E2) du=0.15 




r is =4.9177 


d i 8 =3. 5485 






r i 9 =118. 9395 


d 19 =3.0545 


5^ 


r 19 =00 


d i 9 =1.0 


53S 




r 2 o=-24. 0674 


d 20 =6.0351 




r 20 =00 


d 20=0 






r 2 i=18. 8858 


d 21 =5.9248 


53s 


r 2 i=0.5853X10 6 (D0E3) d 2 i=0.2 




50 


r 22 =00 


d 22 =0 
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r 23 =-3.6009 X10 6 (D0E3) d 2 3=0.15 

r 2< =16.4878 d i< =3. 3455 53? 

r 25 =151.2259 d 25 =2. 0635 

r 2 6 =-9. 6929 d 2 e =3. 2223 53? 

1*27 =8.6410 d 2 7 =6.0496 

r 28 =-9.5754 d 28 =6.2379 53? 

r 29 =-136. 3117 d 29 =25.9711 

r 30 =-22. 5706 d so =7. 00 53? 

r 31 =-18. 2056 

DOE 1 

K=-l, A = -0.978136X10'\ B = -0. 552784X10 

- 1 1 

C =-0.151562X10' 12 , D=0. 142616 X 10 
DOE2 

K=-l t A =0.405846 X10" 9 , B =0. 125266 X10 

- 1 0 

C =0.161396 X 10" 12 , D =-0.142574X10" 15 
DOE3 

K=-l, A =0.232811 X10'\ B =0.742643 X10 

-11 

C = -0.309069X 10 13 , D=0. 731189X10" 14 
R/t=0.85 

DOE1 Di /D=0.98. (hXf)/(LXI) 
=0.033 

DOE2 Di /D=0.81, (hXf)/(LXI) 
=0.042 

DOE3 Di /D=0.64, (hxf)/(LXI) 
=0. 106 

[0 0 4 0] &gsm 4 

fe£^8=3.6mm , NA=0.90, »*=100 , miWSM 
=100mm 

£*lfi**ftiB =0. 10mm 
ro =00 do =0.8755 

ri =-4.8102 di =5.3204 53? 

r 2 =-4.3657 d 2 =0.1573 

n =-11.9270 ds =3.8504 53? 

r< =-8.2848 d « =0.15 

r 5 =-24.8350 d 5 =3.6041 53? 

re =-24.6366 ds =0.15 

r; =00 d 7 =1.0 53? 

r s =00 d s =0 

rs =-4.8658X10 5 (D0E) ds =1.4144 
r 1 0 =24. 4149 d 1 0 =6. 9009 53? 

r 11 =-27.4833 d u =1.2232 

r 12 =-106. 5697 d 12 =2.0 53? 

r 13 =27.2764 d is =6. 6174 

rn =-10. 4558 dn =2.8083 53? 

r 1 5 =-16. 1963 d 1 5 =0. 8542 

r is =168. 5767 du=4.1096 
r 17 =-22.5842 d 1 7 =0.15 



r u=17.4537 
r-9= 344.2078 
T2o=16. 7564 
r « 1 =71. 3470 
1-22 =-17. 0797 
r 23 =8. 7006 
r 2< =253. 5226 
r 25 =7.7408 
r 26 =-13. 6864 
10 r 2 7 =-13.1893 
DOE 

K=-l, A = -0.136158X10- 9 



10 

d 18 =4.0673 
di9=0. 15 
d 2 o=3. 7221 
d 21 =2.7494 
d 22 =2.4919 
d 23 =8. 1241 
d 24 =4.9548 
d 25 =29.8340 
d 26 =4. 102532 



53? 
53? 
53? 
53? 
53? 



B = -0.377494X10 



C = -0.369325X 10"^, D=0. 323198X10" 16 
R/ t =0. 82 

DOE Di /D=0.96, (hxf) / (LXI) = 
0.042 

fcfZLro , n , T2 , ••• l4ftffi<Dft**S, d 
0 , di , d 2 , ••■fiftHIHIKT?, ro tt«#B, do 

[0 0 4 1] 2tt, **H1, 4\Z7jk?m& 

He-CdU-tf-ftffl^&saEaiU'--1f-H«tt 

(LSM) ffl»*l/>X-C*D, ffimtft#<Dfrt?X = 
44 1nnu 3 2 5 nmCD 2 jftfiT?fiiR!l*|jEUr* 
£, SlttSaSSSfclMllfcfc 2tt©H*rffl3tt**^ 

(DOE) ftffl^TfcD, DOE lT±<hLT«Lh •« 
*fiJRilfclliIEU DOE2"C!Sfc«l±«ffeiRS§SI 
iEl/T^S. dCOS61fi«»Jl «riGcfcD«ffl»C 1 9- 7 1 
4 3mm*«B#ttBT»S. , &K0U2& 3#CD|Hl#r 
SifclMIH^SfflK DOE1. DOE2\Z£K)±tLX 
«±fiiM£*liIEU DOE3(^0:Dfg^fiiK^$MlE 
l/TVi5. £©S6MW2 0Kf*4fc«t4, ®r 25 <i:0^1l 
(CO. 34 3 4mnn?*S. 

[0 0 4 2] ^»J3, 4tt, **B7, HI OfcjR-f 
ffl^t, DUV (DEEP ULTRA VIOLE 
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